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ratio of choſe increments contin nrinually. varie 
M. is contigually. acceler ated or retard 
nerating F (or chat of Le co 550 
1 which the ariable ratio of the. increments 7 5 
| ſets out, to ae or decreaſe. This ratio, 
is not the ratio of any. real inerements de | 
- increment. LS partly depen ot. M9 


; depends on the mation 
pen eg the continual acceleration or retardation of 
1 be That term. But as the tangent of an 18 8 5 


that limits che e e e r Ca 50 
3 55 1 (art. 1 1 82.) though: ftriatly . PEMD! 
no fecan 5 fo cone ear Woes the y of 
ments, ch eit age be Bld zo be the me © 


he ratio of the 
AM. TT vapilh, (268 
1 * 1 * SS nap 
5 115 | « if 4 1 ; os > * 


1 . r end 3 7 
| LAT — increment. of: $10. 9 
= EE uy 87 tO. 284, es Zo ng that if . incre⸗ 


ments LJ and Pp be ſuppoſed to be diminiſhed rl, they;yaniſh,. 


the angle 8D will approach to PSA and a, 9 2 2 coumcide 
i i * * * N n on: 


. 


con of .. 


"Dx, 
” 


5 to a beth Jaft.or 2 ratio of the increments Wie 
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55 2 o - z 
; 3 
Y. 
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7 8 5 | 5 : 
AT, Y ; : 1 
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"+ "BE 


5 " Joiks the centers of the bodies A and B, fo that CA be to CB 35 


: 9 2AP to $A; 8 the Arti ew of AL; mult de to the Haren 
of AP in the fame ratio. In che fame männer 8A, AP, "AL and 
2 1 1 proportion, Mm the f increment Dr AM 
7 GM -and Wh theſe incremetits ale ee 1 


er e 


whe bl becomes equal ti 2 


5 | 
30 8 . 


3 


7. 2 tle 8 Dae Ws is ho "Ha ba rh e 
| ee 7 the baſe, TH" the frond Iraneons increment 


1 the vidinace, ie DG be ſuppoſed to be diminiſhed till it va- 


| The ultimate rats e the ürth EH to the tangent ET is a ratio 


ith, the angle HET (contained by the chord EH and tangent 
ET) decreaſes ll it vaniſh,*by art. 181. and the ultimate ratio 
of DG ro TH: is that Wt] to Tf Which is therefore the ratio 
of the flarien of ht baſe A to the flunion of the Ordinate. 


= - equality, and the fluxion of the curve is to the fluxion'of the 


P45 T1 
9 Shs * 


Fre. 61. 


baſe as ET to EI. In the ſame manner the r.5th, 16th and 17th 
pre poſitions may be briefly r 
388. In prop. 18; 'a ellele defetibed through C. E and K 
touches the 9 5 line AE, becauſe the ate CK is e 
qual to SEA. Therefore when F approaches to E till it coin- 


cide with it, the rol ratio of the Won TRE to CE is a 
ratio of? 
the angle P 


do OF" NOK rhe an n 6 2 er is  to/th Vi 43805 . . ls. 
ar Af chi be role the 1 AB, that 
309. e point C be taken upon the fight ne 


body'Bisto A, then C is the center of ity of A and B; 


Af the” G be taken on CE, CE, fo that GE be to GA the 


um o A and B is to the body E, then is & the center of gra- 
Vity of the three bodies, A, B and E; and in the fame manner 


the center of gravity of any number of bodies is determined. 


Let ie be any right line, Aa, BY and Ce any parallel lines from 


MF . thenthe ſun of the re- 


— 


1 


ud in Wea” WW. 


cdangles cont: ned by A and A, and B and By ſhall be e- | 
0 Fo the reftangle contained by A Band Ce when A and 
B are on the ſame ſide of ia, but to the rectangle contained by 
A Band Ce when they are on different fides of kn b rh - "5 
parallel to i meet Ce in V and v, V will de to REES +. 
P CB, or as B to A; e „„ 
dul 76 . C It follows marin G'be the center of gravity of %%%%%%%FV*VVAA AAT 
any number of bodies, the rectangle contained by & (any ine 
Une from G that meets a given plane u in g) att the: es 1 
all the bodies is equal to the aggregate of the rectangles oon . 
tained by each body and the parallel from it terminated always 
by k, is to the aggregate of A & Aa, B x Bb, eee 
in collecting which any rectangle is to be conſidered as 
tiye, or tot CabduQted, when the body is not on the | 5 
_ ef k» with G. Hence con 6. prop. 19. may be deduced; (that Fre. Bo. „„ 
dhe ſurface deſeribed by any line FN revolving about che axis & =» 
is equal to the rectangle conjulned by FEN if andthe line dike: TY 
bed by its center of ' gravity: C in the ſame time) by plying. | 
- been ſhewn of the bodies A, B, E, Sc. to the 
_ of the arch FNf, and eee cſs arched ins Re . 
the dies In as ar 2e DRE Lon te 7 5 r 
center of gravity of any figure a right line in che plane 
of chis figure mk nar Da and given in polition,” GA perpens  _ _ 3 
meine,, —_— 
to en in P, then the ſolid contained b Bod the 
perpe ndicular GA will be equal to the 3 of the lid cg 
; NS by the rectangle which meaſures the fluxion of the ares 
Mm and the perpendicular PA, by ſubſtituting the elements 
of the area for the bodies A. B. E. E. and the Whole area _ „ 
for the ſum of the bodies. An TY 5 
2 ſolid DBg, of which Mm repreſents any: 3 . 
Da, let the whole ſolid be repreſented by 8, the fuxion ofthe © „ 
Pa. __ by h and GA XS) will be. equal to the: Auen af FF 
* RE. „ po 
310. There are 5 1 ee concerning the. center _ 5 1 
vity, and its motion, that are uſeful in the reſolution of p-. 
blems of various kinds, which we ſhall take this occaſion ta 
e ieee Fe 
| tions 


ES 


eſlimated in a given d de che me 
Tol xhe — bodies and pro- 
ry of their common center of gravity, „ 
to the ſame direction. eee 


i che direction CL, reduced to any other direction Ce 

_ is meatured by CP, if L be perpendicnlar to & in P. The 
dme motion reduced to the oppoſt direction 2 is fin mea- 
- des A and B. wich their. center of graviry be 
mie ine EF; I is ely ; Let F/, —— | 
V 10 C meet i in 5 Band 1; and EM; 1 „ EF parallel to n 
—_—  - „ met Al, Bb, Ce in M, N and P reſpectively Then fince the 
8 * , and'A x Ef 
| i follows.thac Ax AM 


80 n Nennt t T. eee 
5 pears that the aggre of the motions of any number 
nal to the motion of their ſum 
A+ ceding with the velocity of their com- 
mon center of gravity, when theſe motions are all reduced to 
=: .-: 7 anyone direction. It follows likewiſe that if the motions of t 1 
ip bodies are all uniform and rectilineal, gravity 
EP -_ -. either quieſtent, or its motion is: 3 and rectilineal. For 
A dene ratio of the right lines AM, FM, BN, HN to 
. "one invariable,- as well as the ratio of A to B, the 
| „ maſt be invarinble | 
of the motions of any number — 
N direction is never affected by the 
| tion of their motions; or by any ions 
. 5 cf thoſe bodies or another that are mutual and equal in 
. E ' _ contrary: 8 or b | an po powers that act equally upon 
S tm with” ections;: ſo the motion of the center of 
J ſtem of bodies'is never affected by their colli- 
 _- _ _ Hons, or when they attract or repel each other equally. In the 
= ' _ fame manner as the motion of any one bod 12 88 the ſame 
_ = null ſeme enternal force or reſiſtance | Six Isaac. 
.  Newrox's firſt law. of motion; ſo the motion 82 center of 
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: 8 which was offered ſometime ago, to ſhew, that we cannot abandon the 
br 


equal and 1 „ * 
— ͤ aloQed by ic. And the equality 
of thſe being conſtantly confirmed by experience, it is not wi 

und chat it is held to be a general law, and extended 
EE NEwTon to the gravitation of bodies. It is ma- 
however that it is not the ſam of the abſolute forces of 


bodies, without regard to the directions of their motions, cha 


d the ſame unalterable by their collifions, in conſe- 


 giienee © equality of action and reaction *'( 

* ide GOP 8 third law of motion * kince this i is a ge- 
e e HR nern 
7 737 wie 5 THE 1 WF £ | Ss . | 1 | 

a when u is ld than be — — 8 . 
n of bodies, and char this Ja ſe evidently from 1 ; 

reaction, 2 10 + wg to 25 ml Tt 2 only.. 


explai 
| ph. According to "tis dockrine ir would 2 that the 
_ reaQtion ſhould ta take place in the colliſions of ſuch bodies 
elaſtic; (that is of no bodies known in nature,) and not even 
- meaſure their forces by the comp one ratio of the ſquares of thei 
of their quantities of inatter. And though this menturation*of 
dies was admitted, the quantity of abſolute force will be foun. 

fected by the colliſions of bodies, that it muſt be leſs duri 
22 thy act upon each other than before and after the 
of motion eſtimated in the ſame direction is —Y the fame ple 
* lies act upon each other as before and after, and neyer can ſuffer | 
from their mutual'aQions, But as it might ſeem to be an improper digreſen 
Af we ſhould infiſt on this ſubje& here, we ſhall only ſubjoin an an lſtrton of an 


doctrine conegning — bs nfo bing forces of bodies in morion, . 
excha lain principles ave generally received concerning the a 
ons os upon the moſt ſimple and unconteſted ex experiments, for notions 
That ſeem at beſt t to be very obſcure. - 


Let A and B be two equal bodies 2 _ 
ſed between han (or in any equivalent manner) in a = 

ahi the mean time proceeds uniformly in the direction > 

act) with a velocity as 1; and ſuppoſe rhar the ſprings imp ——4 

A A and B dyed velocities in Ar directions chat are each as f. 


7 . * a 
. . N 
a 5 2 
£ * * _ 
= 


3 Hate, ES 8 en —— 3 
| qholo-caneor be faid to de unakerable'by cheir/coNifions, It is 
notior eſtimated in che ſame direction that is 
2 chour-any change from uny-murual Kies 
= —— of the equality of action and reaction. 
nne of the ule-of thoſe he- 

. rems in che reſolution of problema. r 
12. From theſe principles che eff ae of che collifions of 
rie. aa. pogies are readily determined. The bodies A and B being ſup- 
-poſed 'void of elaſticity, ler C be cheir center of gravity, and 
their velocities before the ſtroke be repreſented by AD — BD 
1 rleſpectively. Then ſuppoſing the ftroke to be direct, they will 
” _ proceed: together after it as one maſs, and con vently wich 
ue velocity OP of their center of gravity. But if the bodies 
dee perſsckly elaſtic, take CE equal to CD in an oppotite di- 
+ _ _  Teeion, and the velocities 9 B after the ſtroke will be 


] 12 5 _ _ n ö Ne —— 


© 3 2 * 7 * F oi « 
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yo FR 
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.to be wg Pa general ib e l 3 & the 1 
2 8 eg BA, u the velocity 1225 that of A and ſubducted from 
8 by the action of the ſprings, then che abſolute velocities, of A and B 
preſented by mw A and 9— reſpectively, the force added to A by 
will be 2 J. un, and the force taken from B will be 22-2» — un, 
by aun. Further it is allowed that the actions of bodies upon one 
another n occeds with an uniform motion as if the 
ſpace ns at reſt (la force du choc, an Aion des corps les uns ſur les autres, depend 
5 de leur witeſſus reſpeflives. Diſcours ſur le mou uement, Paris 1726.) 
Ba ATE was at reſt, the forces communicated. h 5 8 to US 
= equal, and the force of each had been repr 
. 2 —— and obyious, and ſeem on that account to N * — 
proper in treating of this queſtion. Though there are certain effects produced by 
* KLE the forces of bodies that = in the duplicate ratio of their e we are not 
ttener to conclude that the forces themſelves are in that — no more than we 
are to conclude that a force which would carry a body up Wards 3 oo miles in a 
„ mal BE, is infinite, becauſe it may be demonſtrated (if r. oy the reſiſt · 
=» __ "ance of the air) that a body projected with this velocity would riſc for ever, and 
| never return to the earth. And as reaction is only equal to action when both are 
| 1 in oppoſite directions upon the ſame nel line, ſo we are neuer to e- 
3 e the force which one body loſes or acquires b that which is = or 
— in. another body in a different direction: bence the objeQions axe ral 
See unter of meaſuring the n * l even 
impr. TE + | 


0 | in 1 # er en 


rank 3 0 
5 — —.— and BD: . 


| ECTS 
—_ or 


this manner fro Gom chs body ee 
c progreſſion, of which A and B are t 


1 loan: ſucceſſively communicated to: 


 -a geometrical progreſſion, che common. ratio of any: wed 
quent terms will be that gov to 2025 and, if a be the 2 
"bodies without including che fil A,'the velocity of the laſt 


will de to the veloeit — in ofthe fil gs he power of d 

exponent is u is to the 

ſlent the laſt body in the progreſſion, 4 — 1 

_ - municated/to' it, che Wee * E. repre 
D oa, and d be the ſyſtem, 


5 Togarichm-of 639.50 that-of on in che kante 
313. 2 ak rhe fend ſpp EPK 
ler che 


o and-the velocity comm 
third ſhall be to the ee, 0 t as 
1 derer he ſecond 

ah to a0, the vel 


5 e ho akind os in the compound ratio of 0a ob 


to 209 and of 20 -þ- 0d t0,20þ, that is Rs od are 
proportional, Jo that as if to 0þ by rh ng "and s 
+ 09: ye ron e and 1 250072 0 the 


power of Therefore if od . 7 


Ae ee of ones e ys RY 
becaule the Togarichm of odjis ro her of oi a8 #1979 2, and the | 


AK $7 hs pe 


ocity of 'oþ bs . O | Hh 
and o to 20 3 conſequently the velocity. of the firſt oa is to as x | 


0 won Hor propor- 

tionals are Lite d be 5 the gromer the el 
"Io ciry communi 17 oh, 75 

314. There is —— — the velotity communi» 


ES „ to od never amounts to, e e eee 
| xefore th | wer eh dealer incor 


. 13 ſubduplicate rs Hef os to. —. 


Mr. ö * 


| e = 179. 5 


to de, 1 uality, by 
— de of oþ becomes are hr 
— RG $512.) the logarithm of ud double d 
„ it et be « mean Proportion berwixt'os 3 
of ov will become equal to he logarithm of ok but with a con- 
ee 0a and ov Will be in ied propor- 
elocity of the laſt 1 how will be to oe the 
Ache firſt 0s as o is to oh oy ity theſubduplicateranio | 
515 The ſame princi n che ef 
| & © the * a body ſtrikes any number of bodies 
ce in any directions whatever. Let che bodies firſt be per- 
Fas. 208, feet RAY and void of elaſtieity, and the body C moving in 
= Sion CP with a veloci ocity repreſented by CO ſtrike at 
=. oe once the bodies A, B, E, Gc. that are ſuppoſed at reſt before 
E the ſtroke in directions CF, CH, CK, ec. in the ſame plane 
1 din p, and Da, Db, Dy be perpendicular to F, CH, CK 
_— WM ny * and e reſpedively. Deternune the * H . the 
—_— | com- 
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ono ou OS i), AG eur oat Gr — . ages 
N ä . boy N F 


N a- center of gravity 0 9 TY 8 
| E be Hund if their ener ver placedr ns 
* 45 9 705 4 Sc. ror," 5. yon] 


Dp, 2 
ö 3 


8 CR and that of the-bod . 
— of C after the'ſtro ane 


— to CE, "CH — ck 
cities of A, Band E after the ſtroke Aal be mes 
Ch and Ck, But if we now ſuppoſe the bodies to Sens 
laſtic, or the relative velocities before and aſter the ere . 
ways equal when meaſured on the ſame right line, produce DG 
till Dy be equal to 2D, join Ce, and the body G will deſcribe 
Qn after the ſtroke in the ſame time that it would have.deſeris 
bed a right line equal to C before the ſtroke. And in like 
manner the motions are determined when the elaſticity is im- 
perfect, if the relative velocity after the ſtroke bene e 7 
given ratio to the relative" velocity before it in the ſame right 
line. Mr. Bex NoVILET has deduced the computations of the 
motions in the caſe when the bodies are perfectly elaſic, — 
there are bodies on one ſide of the line of direction CD that are | 
always reſpectively equal to thoſe on the other fide and are im- 
pelled in directions that form equal angles with-©D:in'the ſame 
ane, from the principle that the ſum of the bodies multiplies | 
by the ſquares of the velocities is the ſame before and after the „„ 
ſtroke; Which computations will be found to agree with Wes 
we have ſhewn, br ſup DP and L. to fall upon OD. 
| and reſtricting our juppoſitien in -other reſpeQts fo as it may a= 
gree to this caſe. - Theſe problems being repreſented as of a 8 
uncommon difficulty, it may be worth while to ſabjoin'the tobe — | 
_ bwing conſttuction which is ſtill more general; a 5 33 
from the principles in art. 510 anꝗ,et $12. © 2: 0 1 8 
516. Let the bodies ©, A, B, E, Sc. move now in the Sins Ex 
ions * „ * Be. one WO. with. velocities 
pre. 


= 1 let Ta, Tb, Te, &c. be pe 


2 — — 2 che poche wy = ce yin B 
* ould be found i der were placed in D, a, b, e, Sc. 


e 2 &c. and P be the point where — 

|.  common-center of gravicy” would be found if the bodies were 
1 C, a, 5, e, &c. reſpectively; j in TP, and CL pa- 
| alle to Ty vill be the direttion of. | alder the firoke when 
- al 7 9 | 
Ae T meet G. i L; 2 

F eee de 


5 5to (L. as CT is to CS ＋ CR, and CG will repreſent the 


4 * 2 
- 
the 
* . 


de han de how it may be demonſtrated when a 


of C-after the ſtroke; whence the velocities of the o= 

| Her doen e W t . CH, CK; Sc. are 
——̃ nined as before. e of 
- where the directions are in different planes, be- 
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Cons different from thoſe in which C akte ppon.them, the pro- 
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ſtroke will be parallel ro DP. If AB be à ſemicircle biſſected b [> the pon 
will be the center of the circle CaD; and the vclocity which by che ned 
will be to its incident velocity as Q. to 20 . —— —— | 
ſphercina fluid is not diſcovered in this manner (NWT. * lib. 2. prope mn 7 
& ſebol.) we have not infiſted on thoſe caſes. 
\ Theſe theorems are given from a-treatiſe concerning the menſuration of 8 . 95 
force of bodies in motion and the effects of their colſiſiona, wWrir in 1 ( | 1 
way of ſupplement to a ſmall piece printed on this ſubject at Paris 1724) that Red, . -3 
was then communicated to ſeveral perſons, and intended to haye been pub an 
wherein I endeavoured to ſhow. that according to thoſe Who mealure/ the bees | 5 
of bodies by the ſquares of their velocities, equal actions 5 
in equal times, and equal forces in unequal times, and that the force of a 
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a definition or.axiom-by.them, that the force of a. body in motion is meaſured 
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= . md parallel to CF will interſect CL pa- 


which C will deſcend and the force that accelerates its moti- 
on; and CG will be deſeribed b it on om ſame time that-ic 


would have deſcribed CD by falling . in the vertical. If 
* we ſuppo appol CF ro coincide with he ern CD, 2 
caſe be perpendicular to being perpendicular to 

. divided in & fo 


1 hs wales ratio Nun as A, at © > 


Lui e Bin G, fo cher CG: will repreſent. the direQtion.in 
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that CG may be to DG in the compound ratio of C to A and 


of OD to CF, or of the ſquare of O to the ſquare of Ca. Theſe 
laſt ate the two caſes conſidered by Mr. BzeznoviLtis: which 
haye been lately publiſhed, - Comm. Acad. Perropol. tom. 5. and 
theſe conſtructions agree with the computations which _ dedu- 

ces by teſolving the force of C into t- O infinite progreſſions. 
If if ch body C impel-in Bee e and B 
in direQtions CF and CH that form equal angles with che ver- 
tical, and be one continued — line, OD is to be di- 
vided in „o that CG may be to G in che compound ratio 


of . — ſam of the bodies A and B and of the duplicate ra- 


tio of the ſine of che angle FC to its coſine; and CG will re- 


preſent the force chat accelerates the motion of — — i 


5 always impel A and B in che fame directions from 
ning of its deſcent. 
524. The — as in art. 623. eee 
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the bodies A and B to gravirate as well as C. In this caſe the 
body C while it deſeends will have no effect upon the bodies A 


and B unleſs the angles Def and Deb exceed Der and DCH re- 
ſpectively. The force and direction with which C deſcends be- 
ing repreſented by CG, let Gf and Gb perpendicular to F and 


C (che reſpective directions in which C acts upon A and B) meet 
Port cnn that Cf and Ch may repreſent the forces 
ich otions of A and B are accelerated in the directi- 
ons C and Ch. Let Da and Db perpendicular to C and Cb 
meet CF and CH in K and R reſpectively; let f& perpendicu- 
lar to Cf meet CF in &, and hr. perpendicular to Ch meet CH 
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nother Let CG che direction of Car any time meet C che di- 
reclion of A ut the ſame time in G, 

let F be the direction in which C chen acts upon A 
the direction in which it acts u 
ſtruction being fimilar to chat che preceding artiele, let G 
repreſent the force of gravity along the inclined plane CG, g 
tee force by which the motion of U is actually accelerated in 
this directien, & the force of gravity along 
ß and p the additional force by which the motion of A is ac- 


celerated from the action of C, 
and the force added to this by the aftion of C. Cabos 
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A and B, ——— e Will be te y as CG 
„to æ as to ch. Therefore Cox + 9 . Box 
wall re 1 CxG, of Cgx + APy'4-- to'CxG-4- 
| Aly BK. But if V, u and v repreſent the ri Petite veloci- 
ties From are acquired by C, A and B at che points G, Fand b, 
and I, K, L. the reſpective velocities Which the ſame bodies 
would have acquired by falling freely from the ſame altitudes 
from which they have ned Ro (art- 434.) Kru Med 
Qz will repreſent the 'reſpeQive fluxions of; VV, 2 un, | 
een ir, KK and 
2 LL. Therefore ſince we ſuppoſe theſe velocities to begin to be 
generated together, CVVT Auu + Bus is equal td Cl + 
AKK + BLL, where AKK or BLE are to be ſubducted if A 
or B aſcend while C deſeends It is obvious that if we ſuppoſe 
the body O to act upon any number of bodies, or theſe to act 
on other bodies in any directions, the theorem will till obtain 
5 collecting the ſums of the 1 of all the bodies that act 
each other multiplied by the ſquares of their velocities. 
426. If we rar the! bodies C, A and B to afcend from 
a reſpectiye places G, F and þ with the motions which they 
have acquired, _ a word by their gravity only, their 
common center: oats ty will riſe to the ſame — from which 
it deſcended. Forth 25 X, V and 2 to be the reſpective al- 
titudes to which theſe bodies would rife in this manner, H the 
altitude Which would be deſcribed by their common center of 
gravity, b the altitude which it deſoribed in deſcending, I, K 
and L the reſpective altitudes from which the bodies deſcend- 
ed, and 8 the ſum of the 0 222 by the laſt article CX 
TREE wil tbe equal to Of £ + AK + BL: "9 
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ies of all kinds, thoſerhar are void of elaſticity as well as thoſe | 


that have any degree of e there being no gelative vel. 
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other bodies. Whereas rhe theorems demonſtrated in art. i777 
and $19. concerning the equality of the ſums of the products of 
the bodies multiplied by the ſquares of their ee n 
uch 


5 


1 


ed together before and after their colliſions, extend only to ſuc] 
bodies as have a perfect elaſticit y. Theſe laſt are founded on the 
equality of the relative velocities of C, and the ſeveral bodies 
A, B, Ec. in their reſpective directions .before and. after the 
ſtroke; but thoſe on art. 434. and the general principle deſcribe» 


* 
: AN 


| 13 n 38 


ed in art. 5 1. There may be an; analogy however between 
thoſe theorems, that may be explained perhaps from the moti- 

ons which, are generated in bodies by the actions of. ſprings,. 
but we are not to extend thoſe theorems to motions of all kinds 


» 


«> forthe ſake of this analogy... . 


4 3 4 


527. For if the body C deſcend from any height IC. before 


* 7 


it begin to act upon the other bodies; or if there be any colli- 

ſion of the hodies while they deſcend and they have no elaſti- 

city, or an imperfect one; or in general, if chere be any ſud- 

den communication of motion from one hody to another, and 

che relative. velocities in their reſpeQive. directions be del im= - 
mediately after that action than before it; in thoſe caſes the es 
Jum of the products of the; bodies multiplied by the ſquares of 
their-yelocities will be leſs than it would have been if the bo- 

and if the bodies be ſuppoſed to aſcend with their reſpective ve- 

1locities at any time, and their motions be retarded by their gra- 

vity only, the common center of gravity will not aſcend ta the 
fame level from which it deſcended. , When the bodies C and Fre. 235- 


* 


A that have no elaſticity, or an imperfect one, ſuſpended by e- 
qual lines KC and LA from the points K and L. (that are on 
the ſame level and at a diſtance from each other equal to the 
ſum of the ſemidiameters of the bodies) after deſcribing the 
arks IC and EA, ſtrike one another; or when any body C af 
ter its deſcent from I is loaded with. a new. body at .C 


| AT 
tho: + * 
ate which 


. TY | 16 g with it in ane, (: 7 takt 
A 10 — HAment made by N. Cx attain) it isobvious chat the Gente ef r 0 
| Thien ceficer of gravity muſt be lels than irs geſcent. To give 
Another fünple inftance, fuppoſe that che body E deſcends i in = 
a CD, and at the ame time draws any body A alon 
cal live KL. tHout Friction e ie or chain C 15 | 
x hit eh ee ſuppoſe to be voick of e vity) that is directed d 
he pully M, to that MA is always xorizontal.” Firft Tet C draw 
_ the body A 28 * as it be ns to deſcend; and the accelerat- 
ing force being always as the abfvlure force directly, and the 
ter char Is to be moved inverſely, the motion of each body 
will be accelerated by a force that is Tefs than the accelerating 
Dies bf graviry in the ratio of C to C A. Let CG be equa 
te N, and the {quare of the velocity o Chen? it comes to G, 
or of &' when ir comes to 4, will be to the ſquare of the ve- 
Jocity which C would have acquired by falling freely from C 
D. in che fame ratio of C'to & . A; the quares of che Ve- 
--__ Jocities acquired by deſcending from che fame altitude being 
5 15 45 ek that generate them, when theſe forces act uniform- 
DE” a 4. conſequently the product of the fam of C and 
g 7 5 ti ple 5 the ſquare of their common velocity is equal 
- | the produkt of C- multiplied by che ſquare of che relociry 5 
ich it would have acquired by the fame pe : : 
| Kent if it had fallen 858 from C to G; and if che — c 
and A be ſuppoſed to aſcend from G and 4 With che reſpective 
motions 'acquired ar theſe points, their common center of gra- 
vity will rife to to the fame level from which ir deſcended in 
_ this cafe.. But let üs ſuppoſe now that the body C firſt defcends 
from M to'C, and chat che line or chain AMC is not ſtretched 
_ till it come to C, fo chat no motion is communicared to the 
boy A Hill that ſuttant; the motion acquired by C will be 
F then divided bdetwixt C and A ſo as to roduce equal velocities 
in each, che ſum of che products of t + fob mulriplied 
ä quares of theſe W will be letz! in this caſe chan the 
=—_ = product of C #5 rel] by che ſquare of che velocity which it 
== acquired-by deſcending freely from M to Cin proportion as C 
i leſs than 'c + A; and if Ms bodies C and A be ſuppoſed to 
- aleend with thoſe velodities from their reſpective _ - 


135 Fre. 2364 
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de ſame ratio. If we ſuppoſe in art. 521 and 52, that che 0. 
ay C fulls from Ito before it act upon N and B, and there- | 


alte 


* of den 1 gravicy will PIR es dicted 5 
Fre. 230. 


er deſcends impelling-thoſe bodies: by its gr N e above, _ 
Es de to CI as Cd is.t0 CD, and the products of 


| the bodice. multiplied. by «be ſquares of dhe "evi vl pray: 


W 7 acquire when Comes to G, Will be equal to the 
product of C:muliplied by the ſquare of char velocity only 
which ix would. acquite- by deſcending freely from e t d In | 


the 


dies be noſed to prove wich the reſpecliyt velocities-acc uir- 
. 2 them from their places at any time the 
ol the center of gravity will be leſs than its deſcent. We have 
mentioned cheis inſlances, tho they are obvious, to prevent. mi- 
ſlakes from the expreſſions of ſome celebrated authors, who ſeem 


in ol the center of grayity as general. 
528. When the body C Was ſuppoſed to draw: the body A A 
as KL. by the line or chain CM from the beg 


4 K 8 a greater quantity af motion was generated in 5 — 


A by the uniform power of gravity acting apon'C than mat 
which C alone Would þ mes acquired by rhe ſame perpendi 
kar deſcemt OG, in the ſame. proportion char the crime atideſcenr 
in CG 1sprolanged in the former caſe above what it is in rhe 
latter; and the like may be {aid af thoſe caſes which were de- 
| dcribed in art. 5 1 and gan. if regard be had ro the dixeftions 
in which che bodies move. And as the fame power acting 
che ſame di upon the ſame body may be reaſonabl y ſop- 
Poſed to generate a greater force ina greater time, as well as 
ente quantity af motion ſo there is no, ground to alter 
| gal. manner 1 meaſuring the forces of bodies in morion 


140 repreſent this principle concerning the equality of the alcent 
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Fre. 233. | ; 


am 80 it may be ſhe wn, that in 50 caſe of art. 524. 
af Gta. ene altitude before it act upen A and B, and 
the :icen ng chem as in that article, and rhe bo- 


- ; on. accoune of the preceeding theorems, or of choſe that'follow 


| ie ic Uares of their velacities. I we were to meaſure the 
| Jorces of bodies ia motion by the product of their 
m auer and of dhe n uh their velocities, * of the 
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the ſums of the products of the bodies multipliet 
quantities of 
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be be alws ys the fame how great AC 
dy A to — — and if we ſhould kkewile, admit that the force 


-quz joe ee hich: * —.— 5 acquire wikis i are 
ſeent CG; and the ſame foroe that imprinted on the body 
lone would cauſe it to aſcend in che ve tical from G to C, if it 
Was imprinred on the bodies C and A at once, ſo as to generate 
velocities in the body A from A towards along the ho- 


1 and in the body C upwards from G, it would 
cauſe che body C to riſe to the ſame height from G to C as in 


che other caſe, and at the ſame time caule the body A to de- 
ſcribe: a equal to CC along the horizontal LK; che force 
which would be ſufficient to produce thoſe ro effects would 

would ſuppoſe the bo- 


9 cauſes a given body C to aſcend from G to C, and de- 
ſeribe a given altitude GC, is always the ſame without regard 
to the time, it would thence follow that the motion of the bo- 
dy A from A to 4 is an effect that ought to be held of no ac- 


count. An obſervation of the ſame kind might be made in o- 


es 
£7 + 


ther inſtances; but there is no neceſſity for perplexing the theo- 


1 of motion with the conſequences that iow e this do- 


Trine concerning the menſuration of the forces 


of bodies; and 


 |therefore. we proceed to argue from che principle in WES. 


22 
37 


is univerſally allo we. 
329. Hitherto we have ſuppoſed. the body c to act immedi- 
by contact on the other bodies. Let the bodies A and 
B — fixed to the axis KIL at the reſpective diſtances KA 
and LB, and the body C impinge on the inflexible lever IC 
(chat is fixed perpendicularly to the ſame axis) with a direction 
aud velocity repreſented by D; and ſuppoſing the figure to 
e Is e the ſtroke, hunk 2 ”_ moveable about the axis 
t CQ perpendicular to IC meet D | 
Gar OQ in N, fo that CN may be to N as the pro- | 
dock 8 the body C multiplied by the ſquare of its diſtance 
from the axis of motion to the ſum of the products of the o- 
ther bodies multiplied by the ſquares of their reſſ pective diſtan- 
ces from the ſame axis; and. DG parallel to CO will interſect 
0 nel: to IC in G, ſo that CC will repreſer lod 


3 A mis motion A pw 
IC, (by the principles of e or 0 4 1 
to KU, and the motion which Cloſes in the Done direBion by 

— in B a motion B x Bb is in like manner wan 
_anLB: 0 10, or to BN CN as LB? to 16“. And the — wo 
motion loſt by C in the direction CQ being G NA, it fol- 
lows: that C NQ IC! is equal t Ax GN KA? io! B-x 
CN x LB., and that N is to NQ-as.Cx1C";1 to Ax KA 


| BLB, Therefore fince- : Was aided} in this; ratio 
„31 the firoke; CG NI 
FE velocity of C. the ſtoke, When 


: Beg f 
product of —— 


in the ratio of Cd to M Ga being 35 
when C is perfectly elaſtic theſe are eq 9 For 
— af aricls CxCN x NQis equalto- 
x A BNB * adding:C-x; G che helene 
becomes equal 0 chap eee Co pi . 3 
F lacks rus ehGana LK * Bu Dp Pr ont 


= ; 
1 x 4b; is equal to CN CD? for W dS 6 


cendicular to (N in i and that ſutm being Sql CK 
+ ©x-4@ 5 > U * —— e 


1 5 the fame: heigh 
the latter cab when G is f ee A 5 
but in che former caſe che aſcent of the center of i: | 
= be leſs chan its deſcent: in the ſame ratio as CA is leis than CD. 
Theſe theorems are eaſil »exrended: to the caſes when ſeveral 
Bodies are the leaver IC at once, or different leavers fixed to 
theme ais with given ti s' and velocities; ànd when 
— rhe elaſticity is icapertett the aſcetit of the center of gravity will 
| 1 { ſs ad its deſcent; che motions of the bodies be- 
Ingaup| » cohverted upwards Ader dhe bolliſſon. 
nö that: the body O acts by its gravity only 


. nb es 1C,und by means of this [eaverimpelsthe whole 
| 3 the bodies A and B being 
3 to I zaccelerart 
3 1 14 che body G Fed 0 to along:the-leaver:IC, IC; but: = 
1 ä if che body Side ö the bett Nd be- 
1 Go rg in this caſe by the-refiſtance'of the! axis. Becauſe 
: ANN + BWB is equal to C ODM Ca, it 


3 hacks either caſe:the.fum of the products of thei bodies 
multiplied by. che ſquares; af cheir,reſpettive velocities is equal 
to the. produt᷑t of U multiplied by the Quare-of-che velocity 
which; it would . by . el 
Mit in the wertica providing the 

the * It folks 

n art! 5209-4 Ie the Genter of gravity 

9 bodies R; B, 8 a weight Fact upon the feaver IA 
Se diſtance IC trom che ps of motion which we ſuppoſe to 
PAP with which P deſcends. will 
4/20: o the uy of the products of 
8 * 


erminet wins bois che'fg 


wn, : 
de ente vi 1 eto AER that goe 

| e axis GZR 1 hag 11 84 $9187; SRL 527 a” Lott 

i 59G Weiſs I to oe 


Flare Tang 6x Bh leſs than By e body G leſees b 
fi!!! force. GXxFQ,, anc nhevebyrbe, = 
es Acad Baur che ores , and B x Ab 


eee HN K 
chr velocities ar 


SD 


ee oh 


= +» B.. B Bb x. kb, chat 
egust to NN -R Af x! Ay 


En Cy is equal A A 
Bix Bb is dqual.to:C x'CD x N x ! bled , 

Lahn fam which: ie follows (by an- 43 C cher lice allthe 

eee While the auis moves, of iche prodhAts_ 

| ies multiplied 'by'the ſquares!of uns reibe lg 


12 quired by chem at any time is che fame as if they "ha | 
| reel alüng tle perpendicular alrirudes from ne "I 
: have. deſcended;Buriif am bs 2B. (for example) Had been 
on the dthetaſſde of che ai e e 


5 bes gommon center of gravity of the bodies deſcended, b& had 

en equal to BET BH. In this cale the term 'B * Tory x Br 

muſt be fubdtcted in the latter part of the laſt equaton; and 

in Nene che ſum of the pr E Tres che bodies multiplie m7 
LS BO OTOL , e 2 . 


Wey their: common center: 
% han where it was at the e 


the a | , h; 1 ry 10 8 ' In Q dimmer 0 2 
n s DE ns able tu determine th 


_ " = 
F neee ee ne. , = 


| 00g 2 
1 ah. 251501 4 80725 ö 


5175 e 51 7 A utug | ene 


| nt 21 don £39 5116 1 Haq 19987 Sf Bn N 0 — . 
+ a, b * : 81 8 ; WF: wh 


f 3 2411 


my | has s mentioned (cheſs beip beip 
2d to. have a peril ak 
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2 in motion which have been 
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poſe therefore o to te/oqual to the len of” 5 
— that in a void performs its eee of i= 


Fre. 238. ; 


3 N ſame time wirh the compound pendulum deſerib- 


nene 2. or jet OV be the diſtance of a point in this Lt 
e e 1 0 


center 


be the — B, 7 G and V deſtend to+ 5 oy: 
wh dete Ne 


reſpe ively'; let GM be the Ee 
9 gut ity and VR the 
V: "| When becauſs the velocities of the 
Va e kene, Bern che as ee le dad ths ves 
E SE 3 
| m R to itio uddes to w 
0 bode would dd y the velocities: acquired at <> 'Þ5'a and E 


205; Jo WEL ary "I ary 
| i; 5% 3 BT; ih: & Ts teh + oft Cas 


12 8 + 5 5 1515 rays ** l 5 Fl AD cab? er te 7+ ö TS 
e is apts =: ; x'Gh 5 Bete de afks d. 0 
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23 3 . 
12 3 GM & 1 2 #7: = 4 & 


Ss 
* the 
Bed a the 8 of — 8 center of 
Pan the fams axis. The ſame demonſtration being ap- 
=. able to any of, bodies, we may conclude that when 
a body moves about. a given axis, the its center of 
-_ 42 ation from this axis (or the length of a-fimple pendulum 
chat vibrates. in a void in the ſame time with the body in ſimi- 

| lar aka) 1 1 found by computing, the fluent Ei partie le 


o 


2H 1 en r of the body; is Juppoſed to. be mu ltiplied by he 
f gk of its . from the axis 4. 4 livi iding-this fluent by 
he 5 Fm 1 body; multiplied by the diſtat e 2 
1 7 . AS T3 8 * 4 1 15 n 
5 | Fand B B be in one plane. che is per- 
£ oſcillation in O, let C, N and A 
. 8 Jada then O: being equal ro 
I 18 OG*.+.BG?, +; 280“ and 
2 e L2 «nd, + the point 
b z on the other 
e 2 + A * —4 
l | ares. of, their, diſtance 5 8 $0 


ot Es les, E 11 
| TE A and . 1 che 


the center of gravity, "found by di- 
+ fs 578 5 OS; whence the computation of the di- 
TTV of the the center of olculation-from-the;axio in dolids-1s\in. 
SW 7: | ſome' caſes bridged. 275 en er e e be e eie d 


KEW SIE 4 ales 8 1 8 in e e x act a>” Sly nil bo 6. ro 
$ 1 Cav N 5 3 EL 5 Ia 4 N ee 5 "Ao 


5 Rs wine; an Srunipisglst, 


ä aa Dad the diameter of this circle perpendicular to th „ 
axis, GE the radius perpendicular to E Da, and*PFp any concerns 


. tfic circle ; let M an hate! pe dieular to Dd at P meet 5 1 5 2 ; ; 


DEA in M, MN be perpendicular to GE in N, and the fa 
dio of 5 to 1 3 a "of. the circumference of z circle” to its 1 


| ciretitference'P pee ber to the plane Da and termi- 
5 —_— the ſurtace of the ſphere, and its altitude being E2EM i 

: 2 expreſſec os 29 x GP x GN, which being multipli- 
N a by: the ſquare of; GP (which is the diſtance of the'particles 
. bam map of this ſurface perpendicular to the'axis of oft _ 
lation from the center, of gravity of the ſection) and the pf ö 

| _ an GN x GP 7 being multiplied by the Alnxion of GP, N 
> GP; is equal x GD — GN"! and the fluxion of Et ON. 
. GP: is to ; the: fluxion of GN as N to Gp) the product of 4 
* GN* and GE* — GN* being mlultiplied by che fluxion-of 
PM, the fluent by the converſe of art. 146. will de the product 
of an x N“ by + GE — +4 GN?®,” Bur this fluent becomes 


S. 3 


equal to 35. x #:X GE: when P has deſcribed the whole radius 1 * 


P and N becomes equal to GE; and chis Being divide 
"= 45 „ „ GE x O6 (Which expreſſes” the ſolid” contenn 
F the ſphere multiplied by OG, by What was ſhewn in the 
introd uEtion,) GV the diſtance of the center of ofcillatis  —© 
* from the center of gravity in the ſphere is found to b ” "1h 


Ser or io bo two Hicks of a third proportional 40 O and "a | 


| 7 * 68 
GE: This ſubject having been treated of fully in the Horol. e. ; 

par. 4. Ada Lipfe. 1714. and Method. Increm. few reg and in 

ſeveral other pieces, we ſhall not inſiſt on it further here, and - 

mall only add, chat when a weight P turns a figure about its Fre. 237. Sf 
center of gravity I by means of a rope PCR that goes rœund N. 2. 


the axis e as in art. 53 1. let V be the center of olcillarion . 


of the figure is che center of ſuſpenſion; let 8 denote 
the maſs or — 2 t of the figure to be moved, Ie be taken up- 


on IC in the ſame ratio to IC as P is to 8; then CG the force. . 


os ee the motion of T " at a0ce 
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"Si Toaac Nawrox has onſidered the mo Wa- 
ing from a cylindric veſſel ABDC at an ade EF in 
| e 15. 2. prop. 36. His doctrine on this 
ſubject may receive ſome illuſtration [Fol the following conſi- 
I W enen — -*ugrnd 

| remains in the veliel ſubſides at mu ſame E 


BE. 20 2 
1 1 
* Ge 


* . 3 bn es * — — 
way be confidered as Sela, It accelerates, for ſome time 
atleaſt, the mo ion with which the water in the veſſel deſcends; 
it generates the exceſs of the motion with which the water 45 
= ſaes at the orifice above the motion which it would have had 
5 in common with the reſt of the water; and it acts on the bot- 
em of the peſſel at che ſame time. Let che velocity with which 
che water ines at EF at any term of the time be repreſented by 
X. the velocity with whic 8 ſurface AB ſubſides by V, the 
_acce force of . by gz the force which would gene- 
rate the acceleration of 3 gn Gans begin- 
ning of the motion by T. The gravitation of the whole maſs 
* „ e water in che es Belly veſſel BCD ow may be expreſſed by 
* 7 * AB * AC * g; ant beende che bee f is employed in generat- 
5 acceleration of the motion with which the water ſub- 
e! in the veſlel, the force AB ACN = is what we 
| of pms ns ton: ach -upon the bottom and 
. + grid i in the water that eee at 
price, Suppoſe that the ä i to 1 en 
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Ie, or the limit of all its values; by art. 1 


; W as” 
| it which wecoticeive to produce the velotity? — 
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Pw no er on V. ſo that Vi is in bis caſe e ee andithe / 
tenſion is the ſame in all parts of the figure, and EC (which in 
this caſe is the ray of curvature) is imverſely as the force that 
dcs at E. This force in the velaria (according to Mr. BER 

- NOUILL1) is as the ſquare of the fine of che angle in which the 
ordinate interſects the curve; ſo that the ray of curvature muſt 
be inverſely as that ſquare, and the ve/aria»muſt coincide wich 
the common catenaria, by what was obſerved at the end of the 
laſt article. In the elaſtic curve the force EK is as the TC 
and the ray of curvature is inverſely as the Ordinate. : 

Jo. When a power EI always perpendicular to the hive Frs. 8. 

wal 2 centripetal or centrifugal force EE always. ditectet to- 

wards or from a given center 8, act at once upon a line or chain 
AEB of an uniform thickneſs, "the former has no effect upon 
Vz and if LZ be perpendicular to the ray of curvatye in 25 
and SN being equal to SE, the ordinate MN be Aas ee 3 
qual to EL, as in art. 567 the rectangle contained by che ray nt. 
of curvature EO and EL + EZ will be always e uab to che 4. ; . 
rea NM. For compleat the parallelogram ELK IL, let KR 
be perpendicular to OE in R, and the rectangl REO „ 
ml to the rectangte KEC or VV, which is equal ria#dNMy 7 

and ſince IR is equal to E, it follows thatiadNM is: equal to 
the rectangle contained by EO and the ſum or diſſerence of 
El and EZ. It is manifeſt that EZ is to EL the force that acts 
in the right line ES, as 8p the perpendicnlar from S on che 
tangent at E is to SE; and that when EL acts in parattet 
lines, EZ is to EL as the fluxion of the baſe is to the fluxi» 
on of the curve; in Which laſt cafe this theorem agrees with. 
what is ſhewn comment. petropol. tom. 3. The property of the 
ray of curvature ak. thus diſcovered, the nature of the i- 
gure may in ſome be defined by firſk: fluxions, or bya 
common equation, by a proper application of the iaverſe me- | 3H 
thod ef fluxions. The problems in art. 56g. conſidered in 1 
general manner, depend en the curvature of linesz and there 1 5 
fore the general ſolution involves the ray of „„ 
fomething, equivalent... Bur there are often Partien prin — 
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angle of bout 50 degrees: But if he had reduced the equation 


2 fix dimenſions, by Which he has determined the maximum, to 
dratic equation, our coticlufions would have agreed; and 


* diviſor by which this reduction may be made, is of no uſe 


for determining the moſt advantage ous poſition ofthe ſail when the 


5 engine is in motion; becauſe it . give amaximiunm,bur a mi- 


nimum that correſponds to the caſe when CE coincides with Ca, 


. and theftr 50 e N Suppoſe Aa = AC, 
1 0 45 0” 


orc=4; and if the angle A CE will coincide with 
, the yelocities of the plane CE 85 If) the ſtream eſtimated 
inthe direction perpendicular to CE muſt be equal; Jo that the 
I have no effect upon the plate CE in this caſe to pre» 
3 and the angle; ACE. muſt: be in- 


creaſed, that the velocity” of the ftream in the direction ap (in 


* ö 0 ! , 


* 7 7 
a 3X 5 & bs 3 . & £3 
F A 1 5 AZZ 4 we *4 of cs 0 Ee Bop” 


ee, i Ag ebe 250 ab "ACE 9875 43 445 
then the ſtream could have n che plane d, and 


the angle ACE muſt beincreaſed.. rials? eee el Har. | 1 
hate pre. 3³⁰ ö 


916. When the engine is of ſuch a nature that th 
Huld, or the fame quantity of it, is always incident on the 15 
CE in its various poſitions, the force'by which it impells EIn 


the dete c. as ab. EN EN ers Which is a mad 


mum (C and CE bein ng. given), when CE biſccte abe angle 
: 


| B 5 10. becauſe in this caſe 1.1, . 
IP VP 25 25 that is CD vaniſhes. and * "DG ontidtes” TE 


eB. In this caſe, if AC and As, the velocities of che ſtream 


and plane, be given, with CB the direction of the motion ofche 
plane, but the angle ACB be variable, and Az be greater than 


2 AC, the action of the fluid upon the plane ae not be great 
when AC is perpendicular to CE and CE te CB; but hen A 
being an obtuſe angle, the fine of ACV is to the 


==. Ca, ag be eee to CB in , then ak geg. Suppoſe 
CA = a =, MV x, then ak, = Ce: ＋ == e. + 5" 
a= NT Tab * 1915 hos "ORs the fluxion of 
OX HE 145, * A IST PLZ 26 1437 60S 

vaniſhes, = i: . Wh Sen 8 e acl 
or x: 44 % 2c; and it is 0 to eo the con 
in 55 caſt : ACE muſt be a right angle. For Pann, 
| 22 4 ACY, = 7 39 degr. 2 AG 1 =12 ks 712 8 
arg 20d 505 = 50 a . 1 ile | FARE 
* Su ppoſe now that AC repreſents ala dirddiion and Ve elo-x 
city of the Wind, Ch the direction in which a ſhip moves, 
parallel to CB the yelocity of theſhip,CE the freuen 7 
| 220 let us abſtract from her pimps way, or ſuppole that no 

ion from the direction CB is occaſioned by 5 obliquity | 


the wind orfail to the courſe CB. Then, in order to 1 


the moſt adyantageous poſition of the fai CE, (when GR. 
and RA are given) chat the wind may act Vieh the, a 
reg to impell the ſhip in che given direction * , produce AC 


radius: AG 
do 24 add the plane CE is perpendicular ro:AG..;Forlet (gt 


f clns quantity 


1 10757 150HD (X00. 


55 ee e 


: I 7 | ie 
an AD: AC: :« 1 2 to be 0 * 
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3. then the fail CE ought: to biſect the an 


jel to: CB, "= frat 
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center C with the diſtance Ca meet DG 


VEE, 


Va. Vt=Lf+. VF; and CE, produced. paſs through f. 

When Aa the velocity of the ſhip is negleQed, or when the 
orion begins, CE ought to biſect the angle ACG; which is 

the caſe that was -reſolved long ago by Mr. Far 10 and Mr. 

Horcens by a biquadratic 3 and has been conſidered 

more fully fince by Mr. BAN VOII I, Manoenvre des Vaiſſeaux, 
. But in ſome caſes the aun of Ag to'AC is nor m 

| 8895 iderable; and ſuppoſing . K ndicular to CB, if 5 

example) 2 = A 1 angle Ac ; ought to exceed! 2 
| * 34 44 in this caſe) 7 9 3 degr. if we would have 
' wind impell ve ſhip with che greateſt 1 force in che direction oo 


77 The force wich which the wind Impells the Chip i in the 
We CB is always meaſured by ak x p; and when this 
tee and the reſiſtance of the water become equal, the motion 
of the thip becomes uniform. Let CK repreſent the uniform 
velocity which the ſhip would acquire by the ſame wind in its 
UireQtion AC if the fail was perpendicular to AC, and the force 
An this caſe which ſuſtains the motion of the ſhip, and balances 
the refiſtance, will be meaſured by KB“. Therefore (the re- 
iſtance of the water being as the ſquare of the velocity of the 


ie) CK. A4“: KB. ap x eee 


h meet « crng. 2 * 
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ry of the ſhip be to the Veldcit ef hi | 

5 in tlle direction Rar me the er 
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ehen ee ſh erin a on perpendicular toi that df 
wic fn 22 gbr FM be iniclinedrs e e ae | 
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the v 2 5 is greateſt when ACF 5 
that e che 1 perpendicular to he 11 2 0 
and agrees with art. 47. where, Da d whe given , . be 
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reſi (providing K ack enn 
than 29 when. the ; fine ot f che angle 88 eohraine a 57 edel | 


abs courſe, is to the thine es Vin to iT „ and the velocity 
| of theihip/is is greater in this caſe than when the wind blows in 
h direction e e 2 0 pen tpnngs * the, fail inthe 


Figs 4 1 pF A 18 Ms 12 » n og 7 + 5 
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rao ef + I to un, or (uppoling , 1 = 2—#)of1— 
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thy” SET 6 * e 05 1 


0 1 FE If, for example, CK:: CA::1:2, the velos 


$8 Ek the ſhip-in the direQion CB will be greateſt when the 


ine of ECB, or ACV, is to the radius as 1 to that i is when 
angle ECB is about 39 35. or when the wg, AC, 


in which the di of the Wind is the courſe 
of the ſhipgis-an angle of about 50? Sor mY _ velocity 
of the thipi is in this caſe greater than when-the ſame wind blows 


b Jos the courſe o e and the ſail is perpendicular 
F wind "is commonly -chough: 


Is be 04 . lo t the-ratioof » 32 to * 27 
to 33 and byinclining the fail CE to the wind, {6 as to en 
the angle BCE, the Velocity of the ſhip in che right line CB 
Will be fill greater. There may be many other caſes ſuppoſed 
from arr. 916. — a fide-wind would promote the motion 

- of the veſſel m a direct wind. For example, if the ve- 
27 Aociry of the Tet . in the direction CB. be to the velocity of = 


Ro 2 1 to 3, and the angle ACB be only of 109 28', the 


2 by which the wind wall promote the motion of the veſſel 
ain che courſe. CB will in this caſe be greater than when the 
or the Angle ACB is of 18005 in the ratio of 


2 ; to 775 27, ; he! ſail being ſuppoſed inboth caſes to have the 
us poſition, which Was determined in art. 910. 


tageo 
* 9. A given line AC being divided in B, the Genel. AB 


Fre. 34, BC is a maximum when AB = BC, by what | is ſhown in the 


* A 
Ar 
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elements of Geometry. Hence it follows, that if a — line 
| 2 21 2:48 E off jt off) 0) 1elaihnogts AG 
_ a | . 5 8 8 * 4 . 


; Ade 1 eee, e be 50 CD; DE; 
: EF, te dv ing give the parts AB x BC x CD x DE K 
is a maximum-when they are equal to each other; becauſe it 
47 the ſum of any two adjoining. parts be hogs equally,.in 
C and in. vall in c, BG x.CD is greater than Be x , and 
* B D * DE x &c.. is greater than AB * Be x«D 
1 * DE ; * . If a en . 1 a be divided in C, and 


"FEET i 


— r 

* wg ar ; * F 
4 b4 7 „ 

AS 54 ” 7 

eG? 21 n. 
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Vc 


| The VR Cee TE] 1 0 be PIE 50 m dot former: caſe 
: when #.and m are any integer numbers; for example, AB x 
BG is a maximum when AB is to BG as 1 to 5; becauſe. if 
BG be divided into 5 equal parts BC, CD, &. then ABB. 
SS SSI AB x BC. „ D „ DE Xx EF FG, 
Which is a maximum when AB = BC C * DE EF. = 
FG. If AG be divided into three parts AB, BD and DG, 
then AB, x BD” x DG” is a maximum hen RB, BD and DG 
are to each other in the ſame proportion as the numbers 1, and 
E reſpectively; becauſe wherever We ſuppoſe the point B to 
be, | BD” x DG” cannot be a maximum, (and conſequently AB 

x BD x DG” is not a maximum, ) unleſs BD: PG: :: u; 
and wherever we ſuppoſe the point D to be, AB * BD» cannbt: 
be a maximum unleſs AB: BD. (i tn.” The continuation aft 
_ thoſe theorems is obvious; and this brief method of refolving 
feveral queſtions relating to maxima and minima that cannot be 
ſo eafily reduced to the common rules, was mentionedin a letter 
to MARTIN Forxes Eſq, Phil. tran. No. 408. The following 
article gives another uſeful inſtance. 


ar. The radius A and ark AF being given,” let be rre. 342. 


divide into chree parts, AE, EB and BF, ler EM, EN and 
BR be the ſines of the arks AE, EB and BF; then if EM- * 


1 SY Lg be a maximum, 12 tangents ofthe arks AE 
7 TW Ys ha 


3 


| - mo | IR F. | 


This ee kom art —— dee wherever we . the : 


ride in Mot Wehner, a EN x1 e the « 
maximims. In like manner, wherever we poke d the point E to 
be taken upon the ark AB, EN BRV cannot be a Maximum, : 

unleſs che tangent of EB'be tothe tange * of BE ae ton? 
and the ark FE muſt be divided i in this 1 manner that EM” xEN 


BRV may be a maximum. "Therefore if ENMν EN BR” 


be a maximum, the tangent of A E muſt be to the tangent of EB 
48 1 to i; and the tangent of EB to the tangent of F as 1 to 
m; that is theark E A muſt be divided in ueh a m 
| and E that the tangents f EEB and BF may be 
proportion to each Sher Jas the namberg n, K fd n, If n, 
then AE= BF. The ebatinuatien of theſe theorems is likes 
wiſe obvious. Tf given ark be divided into any given num- 
ber bf patis:whoſe ſies are repreſenxed by an b ej d, e, &c. and 
aux hn nl & be a mum, then thb 1 tangents of 
ther reſpective parts muſt be in he ſame proportion as the indi- 
ces, in; , r, ee and (becauſe the fine of an ark is to the 
radius as the radius to the ſecant of che ſame ark) the product 
of the ſame ane r reſpac diu ſecaats of thoſk parts if 2 
| manimum. 3 211! 5 92 

9 For an example: of this, the fare, and. ite tion of the 
- bas being given, let ir be required to find the moſt advanta- 
geous courle of the ſhip, and poſition. of the ſail, that the ſnip 
may be carried in a given direction, or removed from a given 
coaſt or right line, as faſt. as pofſihle. Let AC repreſent the 
force and direction of the wind, CF The: line from which the 
up is to be carried as faſt:as poſſible, Uthe courſe ok the ſhip, 


155 344 "a CE the pefition ofthe ſall. Let AQ.be-parallel to SB, Af 


2 rpendicular to CE in P and P N rpendicular to AQ in Q. 
ben che fores by which the wi impells the ſhip i 1 e di- 
xQion' CB at the | ginning vo bs me 


R 


xQion 2 


3 


1 2 bs 1 Id 72 
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4 15% * . 3 Fl „ 1 * *. S 3 R 6 5. 
velocity of ehe ſhip, (fappoſing it to 


POLO 1 8. 1 
e — leſs Unc the velocity of the wind) thall — 4 


EM un; which reduced to the d rection BR perpendi 

to CF is as EM x YEN, BR; and this laſt velocity is a m- 
imum (by the laſt article) when the tangents of the arks AE, 
Ez and BF are in / the ſame proportion as the numbers 1, + and 
1 or 2. 1 and 2. Let the radius CE a, the tangent of AF 
be repreſented by b, the tangent. of AE or BF by t, and the tan- 
. of AB or VE by T. Becauſe the/arks AB + BE AF, 


i will cafily appear that 4 4 x, = 3 andin the ſame = 
m r ner, becauſe HE £ 52 =FE, the bac of BE! We = 2 


a 3 and - being given, 3 and T may be 
"found by che eee of this cubic equation. 

92 3. IEFCA be a right angle, then & is infinite and 2tt = a6, 
or 7: :: 1: VJ and ::: V: 1; that is ACB= FCE 
Ja ho 3 conſequently. if the velocity of the ſhip may. be ne- 
glected as incomparably leſs than t velocity of the wind, the 
courſe ought to contain an angle of 549 44 and the fail an 
angle of 35 16˙ with the direction of the wind, rhat the ſhip 
may gain upon · the wind as much as poſſible; and this is the- 
Caſe reſolved by Mr. BRAN OIL , Manceupre des vaifſe eau, 
p. 50. &cc. If the courſe CB and poſition of the fail CE is 
required that the ſhip may get away from the line AC as faſt 
as poſſible, then e are to ſuppoſe CF to be a continued right. . 
line, or = o, in Which 5 tt = Faa, or t: N 1 
 couſequently the angle ACE... ought to be of 659.,.54 aud ACB 

of 1149. 6. If the angle ACE be given, the 1 a of ECB- 
— to dero the tangent. of ECF as 2 01; and ECB is: 
. a conſtruction ſimilar to that in art. 910. We 
have always ſu uppoſed the fail to be a plane, and have abſtracted. 
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ctreütiſe On * ubject in 1689; bur ſome particulars in it have 
been corrected by Mr. Huyerns and Mr. BxXNoukLLTI. Se- 
_ weral other mechanical problems may be zelolved - in the an 
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"His \ theory at pile. mY | "TONE publiſhed: an ingenious 


manger as theſe we have conſidered. 
924. In Book I. chap. 13. it was ſhown how. many problems 


| may be immediately reduced to equations that involve firſt 
fluxions only, which it has been uſual to reſolve firſt by equa- 
_ -tions chat involve ſecend'or higher fluxions. - But as that me- 

thod is not always: applicable, We ſhall 45 ſome examples of 


the method of reducing equations from ſecond to firſt fluxions. 


Suppoſe £ conftant, and if the equation involve , and 95, 
but if either & or y be wanting (of which kind are thoſe Which | 
ariſe moſt commonly in the re olution of problems) it may be 

| reduced to firſt fluxions, b 2 intr roducin pint variable quanti- 


r . - oppoſe for exam ple, 


W 1 . 


be - 
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t s an invariable quantity. e ee 
the point T move in the Ager As "ON! ts the 
Point M in the curve FM, ſo that the velocity of the point T 


| may be to the velocity of the point M in the invariable rario of 


to 1, and che motion of M may be always in the direction 
*MT or TM; and let it be required to determine the curve FM. 


ken FM= Ari, then #5 (be- 
Knust 1 * ere e i ſuppoſed conſtant) 
222. | 
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x 5 : 1 2 $ - a 
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V = + 5 and A = phy = e or 2 = = = 189 * 


WW 1 * Ayn, conſequently 24= = Hu = 1224 * dende 1. 1 oy 
” x 2 — - + K, bee * denotes an invariable _ 
11. 5 „then * = 1 + 27 . and the curve 


3 parabola Oaks, abind 9 5 Fo 1 = l, the curve is 
conſtructed by logarithms or the equilateral 5 Let 
NDN be fuck: an * yperbola deſcribed berwixt the af ymptores 

Ca and Ch, D a = point in the hyperbola, join CD, let 

NLM per rpendicular to the aſymptote Ca in L meet CD in 1 15 

and let LM x 2FD be pray equal to the area DNK; 5 then 


fall be a point in the curve. 
926. An equation that involves ſecond 8 is 5 


e reduced to firſt fluxions, by the common rules of the in- 
verſe method, which were deſcribed. in chap 2. and that the 
ſolution may be general enough, When any. fluxion is ſuppoſe 
conſtant, a quantity compounded from it or from its powers an 
invariable quantities ought to be added to the equation. For 
example, let it be required to find the nature of the line 

in which the curvature is always as the ordinate, this being a 
5 — by which ſeveral problems of different kinds are teſolyed. 


8 che FRY) at curvature. be reproleuies by Bo and becauſe 
R = = ſuppoſe: 5 conſtant, che R = In the f- | 


gure required” R is inverſely asthe ordinate 53 5 ; conſequently; 


# IAN an invariable quantity we FROG ſuppoſe >; — = RK =, 
Ka 5 
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5 Where K denotes an invariable quantity, 1 2 is add 1 
; | becauſe ; * is — conſtant. HN % then FL a 754% 
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as Wierd 8 curious problems, -after his account of this . 


hich is commonly called che carve;): adds, Ob 
Ap 85 a = 


= - E 2 {by perpendicular above the ark 5 be- 
. Er vertex of the hyperbola and the point of contact, then 
1 Fro 4 the figure ſhall be the elaſtic curve. Let AEZ be an equila- 
8 3 5 885 byperbola that has its center in 8 and vertex in A, let E 
5 fy point in the Byperbela, ET a tangent at E and SP per- 
Fn from the center S tothe tangent at P; upon SA take 

=P, arid che dingte Berge to __ to 5 of the 
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y comparing this Auron wich ele deſeribed i 15 an. 8 
; 5, it will appear that the elaſtic curve , conſtru- 246. 
Qed in all caſes bythe xeQtfication of tlie.conic ſeQions.” Les Fre. 3 
S be half the tranſverſe axis of che hyperbola AEH, SD half. 
the-;ſecond' axis, upon DS take SF. S :: BA, 88, and 
: = AF, deſcribe the, elliptic quadrant. ARb, and E 58 any 
5 in the hyperbola, SE perpendicular to. the tan £2. 
= BR 17 0 5 5 SP, 1 Te 75 NAS W 5 the 
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which a muſical chord BAC aſſumes in ãts {mall vibrations, 4 EO, " 
the conyerſe of art. 2, , the tenſion of the chord. being eve _ 5 | 0 
where equal. Let reſent this tenſion, or a weight: eg *. 3 
valent to it, ꝝ a ſection 0 the chord perpendicular to its * 
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